Nayga, Jr
The use of household-level data, however, is not without problems. Normally, a researcher is confronted with a proportion of the sample with zero consumption or expenditure of the various commodities under consideration. Applied economists have relied on numerous estimation techniques (e.g., Tobit and Cragg models) to address this issue (Tobin; Cragg) . This article deviates from previous crosssectional studies that have focused on meat expenditures or consumption by examining 14 meat products at a relatively disaggregate level using the 1992 Consumer Expenditure Survey of the Bureau of Labor Statistics. Moreover, the expenditures on these 14 meat products are modeled as an interrelated demand system based on the Quadratic Expenditure System and a twostep estimation procedure.
Model Specification
Data used for this study do not contain price information on the various disaggregate meat products. This is the main drawback of using survey data. Usually, analysts have addressed this issue by imputing a price variable from expenditure and quantity information. However, the data base used in this study does not contain quantity information. Another possible remedy to this problem is to use regional price indexes for each household in a particular region for each category of expenditure. However, Heien and Durham criticized this approach because it "invariably captures effects other than the intended ones" (p. 193) . They also acknowledged that the price variable derived from this approach will be linearly dependent with the regional dummy variables since the price for any given product will be the same for all households in a given period. In addition, detailed price indexes are not available at the level of aggregation analyzed in this article. Consequently, no price variables are included in the empirical models.
An inherent assumption in this study is that relative prices remained constant over the 1992 survey period. This assumption is commonly used in studies that use microdata. Therefore, it is not possible to represent the expenditure patterns of the disaggregate meat products using a complete demand system. However, following Heien and Durham, an interrelated demand system based on the Quadratic Expenditure System (QES) is employed to examine the effect of various factors on 14 disaggregate meat expenditures. ' The QES in expenditure form with prices normalized at unity may be written as:
where eih is the expenditure on the ith good by the hth household, and Yh is total expenditure or income. pi represents a combination of several QES parameters.
To incorporate demographic variables, the QES model can be modified through the process of demographic translation (Pollak and Wales) . Based on the model shown in equation (I), this technique gives the following specification:
where 6,, and 6,,'s are parameters and Dkh are demographic variables (s number of variables) for the hth household. Following Heien and Durham, equation (2) is substituted into equation (1) and then simplified to produce a demographically-augmented Quadratic Engel Curve (QEC) as follows:
The system given in equation (3) is considered an approximation to a demand system (see Heien and Durham for more details).
The data contain numerous zero observations on expenditures for the 14 meat products. These zero observations reflect nonpurchases that may be due to sufficient household inventory, responses to market price, or to nonpreference (Cheng and Capps) . If only observed positive purchases are used in estimating equation (3), ordinary least squares estimates of equation (3) will be inconsistent from selectivity bias. In addition, Haines, Guilkey, and Popkin emphasized that ignoring the two-step nature of food consumption decisions "may hamper understanding of true behavioral patterns, lead to erroneous conclusions, and generate incorrect policy recommendations" (p. 543). Consequently, this study employs a two-step procedure, similar to the technique used by Heien and Wessells, to estimate the censored multiple-equation model. The two-step estimator resulting from this procedure is asymptotically more efficient than other two-step estimators (Lee) . This procedure involves the special case of a model in which the dependent variables are censored by a subset of unobservable latent variables (Heien and Wessells) .
The first step in this procedure involves the estimation of probit regression models for each of the meat products under consideration. The dependent variables in these probit regression models are measured by a binary variable reflecting the decision to buy or not to buy the product. These models are then used to compute the inverse Mill's ratio (T) for each household. These T's, as specified by Heckman, are derived for each equation and are then used as an instrument in the second-step estimation of the expenditure relations.
The probit regressions are modeled as follows:
interrelated demand system, as defined by Heien where n and JT are the standard normal density and cumulative probability functions, respectively. The inverse Mill's ratio for those households who do not consume the item is computed as:
The inverse Mill's ratio for each equation is then used as an instrument in the estimation of equation (3) by specifying:
The specification for the expenditure equations 1s:
All n commodity equations in equation (8) are estimated as a system using all observations in the sample. Each equation has the same set of regressors except for the inverse Mill's ratios. Consequently, the n equations are estimated using the Seemingly Unrelated Regression (SUR) technique to gain efficiency and to account for possible contemporaneous correlation among the disturbance terms. The description of the independent variables (D,,'s) used in this study are presented in Table 1 . The dependent variables (e,,'~) are the weekly household expenditures on 14 disaggregate meat products (see Table 2 ).
Data
The data are from the Diary component of the 1992 Consumer Expenditure Survey (CES) of the Bureau of Labor Statistics (United States Department of Labor). The CES was designed to collect information on expenditures incurred by respondents during a survey week. The respondents are part of a national probability sample of households designed to represent the total civilian population. The eligible population includes all civilian noninstitutional persons (e.g., those living in houses, condominiums, or apartments) and all people residing in group quarters such as housing facilities for students and workers. Military personnel living on bases are not included (United States Department of Labor). The total number of households (diaries) in the survey was 11,412. However, households that reported incomplete socioeconomic and demographic information were dropped from the analysis. In addition, households with negative incomes were deleted from the sample. Consequently, the number of households analyzed in the study was 10,359. The mean weekly expenditures on the 14 disaggregate meat products for the reporting households are presented in Table 2 . The means and standard deviations of the independent variables used in the analysis also are presented in Table 2 .
Deleting data for households that fail to report pertinent socioeconomic information may give rise to a potential self-selection problem. One way to assess the degree to which this problem may exist is by comparing the means of the variables used in the analyses with and without the deleted data (those observations with incomplete sociodemographic and economic information). The means of the variables with the deleted data are not significantly different from the means of the variables without the deleted data.
Econometric Results
A problem in multiple regression is multicollinearity. Based on the collinearity diagnostic tests conducted (Belsley, Kuh, and Welsch) , no degrading collinearity problems are detected in the analyses. The SUR estimates of the QEC system are presented in Table 3 .2 Households without children spend $0.32 less he results from the first step of the estimation procedure are not presented, but are available from the author upon request. on ground beef, $0.25 less on steak, $0.14 less on pork chops, and $0.15 less on ham per week, but spend $0.68 more on other pork, $0.15 more on lunch meat, $0.64 more on whole chicken, $1.10 more on chicken parts, $0.20 more on other poultry, $0.28 more on shellfish, and $0.30 more on finfish per week than households with children.
The number of earners in a household is positively related to expenditures on ground beef, beef roast, steak, lunch meat, and chicken parts, but is negatively related to the expenditures on whole chicken. In particular, the change in weekly household expenditures per unit change in the number of earners range from ($0.04) for whole chicken to $0.23 for steak, ceterisparibus.
As a group, the regional variables are statistically significant in the steak, bacon, pork chops, lunch meat, other pork, whole chicken, chicken parts, and shellfish equations as indicated by the results of the likelihood ratio tests exhibited in Table 4 . In particular, the results indicate that households located in the Northeast spend $0.15 more on pork chops, $0.25 more on other pork, $0.24 more on lunch meat, and $0.15 more on whole chicken per week, but spend $0.61 less on chicken parts and $0.33 less on shellfish per week than do households in the South (Table 3) . On the other hand, households located in the Midwest spend $0.16 more on ground beef, $0.06 more on bacon, $0.19 more on lunch meat, $0.54 more on whole chicken, $0.44 more on chicken parts and $0.57 more on shellfish per week, but spend $0.22 less on steak per week than do households in the South. Households in the West spend 'Mean based on the whole sample (N=10,359).
"tandard deviation based on the whole sample (N=10,359).
$0.39 more on whole chicken and $0.12 more on other poultry per week, but spend $0.31 less on shellfish per week than do households in the South.
Household size is also a significant factor in all of the equations. Specifically, household size is positively related to expenditures on ground beef, beef roast, steak, bacon, pork chops, ham, other pork, lunch meat, lambmutton, and finfish, but is negatively related to expenditures on whole chicken, chicken parts, other poultry, and shellfish. The change in weekly household expenditures per unit change in household size range from ($0.05) for other poultry to $0.39 for ground beef, ceteris paribus. Household size elasticities are presented in Table  5 . These estimates are in the inelastic range, with the exception of those for lamb-mutton, whole chicken, and shellfish.
Seasonality is a significant factor in the ground beef, ham, whole chicken, chicken parts, other poultry, and shellfish equations (Table 4 ). In particular, weekly ground beef expenditures are $0.24 and $0.15 higher during the second and third quarters of the year, respectively, compared to the fourth quarter of the year (Table  3) . Ham, whole chicken, and chicken parts expenditures, however, are lower during the first three quarters of the year than during the last quarter of the year. This result is expected because of the holiday season. Compared to the fourth quarter of the year, weekly expenditures are $0.2 1 lower for other poultry during the first quarter and $0.17 and $0.14 lower for finfish during the first and third quarters, respectively, but $0.31 higher for shellfish during the third quarter of the year.
Age is also significantly related to expenditures on various meat products. Expenditures on ground beef, beef roast, steak, bacon, pork chops, and ham initially increase with age, and then decline as suggested by the significant positive and negative signs of the age and agesq coefficients. However, expenditures on other pork, whole chicken, chicken parts, other poultry, and finfish initially decrease with age followed by later increases. These results may reflect the change in meat expenditure patterns of households due to changing health concerns that tend to increase with age. These results may also be consistent with age-related changes in nutritional requirements, physiology, and demand for convenience.
As a group, the race variables are statistically significant in the ground beef, bacon, pork chops, whole chicken, chicken parts, shellfish, and finfish equations based on the likelihood ratio tests in Table 4 . In particular, households headed by blacks spend $0.27 less on steak, $0.28 less on whole chicken, $0.77 less on chicken parts, and $0.23 less on shellfish per Note: Standard errors are in parentheses. These estimates were derived using the SUR technique in the second stage of the estimation procedure. week, but spend $0.14 more on bacon, $0.30 more for pork chops, and $0.09 more on lambmutton per week than do households headed by whites. Households headed by individuals from other races spend $0.52 less on ground beef, $0.27 less on ham, and $0.19 less on whole chicken, but spend $0.33 more on other pork, $0.44 more on shellfish, and $1.47 more on finfish than do households headed by whites on a weekly basis. This result may be due to the fact that fish is usually in the regular diets of individuals of other races (e.g., Asians, Pacific Islanders). Education is statistically significant in the ground beef, steak, bacon, pork chops, ham, other pork, whole chicken, chicken parts, and shellfish equations as indicated by the likelihood ratio tests. Specifically, households headed by college graduates spend $0.31 less on ground beef, $0.28 less on steak, $0.1 1 less on bacon, $0.12 less on pork chops, and $0.20 less on ham per week, but spend $0.43 more on other pork per week than do households headed by individuals with at most a high school degree. On the other hand, households headed by individuals with less than a high school diploma spend $0.15 more on pork chops, $0.15 more on other poultry, and $1.31 more on shellfish per week but spend $0.31 less on whole chicken and $0.25 less on chicken parts per week than do households headed by individuals with, at most, a high school degree.
A nonlinear relationship exists between income and a number of meat products. In particular, expenditures on ground beef, steak, and pork chops increase with income initially before decreasing with further increases in income. On the other hand, expenditures on other pork, whole chicken, chicken parts, other poultry, shellfish, and finfish decrease with income initially before increasing with further increases in income. Income elasticities are presented in Table 5 . These estimates are inelastic with the exception of shellfish.
The coefficient estimates of the variable Ti, are statistically significant in eight of the equations. However, the coefficient estimates of r,,, except for other pork, are not statistically different from zero for the various beef and pork products. Consequently, deleting the observations corresponding to zero expenditure levels for the non-beef and non-pork disaggregate meat products would have introduced sample selection bias. However, deleting households with zero expenditure levels for the beef and pork products would not have biased the parameter estimates, although efficiency losses would have occurred.
Concluding Remarks
Most meat demand studies have focused on relatively aggregate commodities using either time-series or cross-sectional data. This article deviates from previous studies by focusing on 14 disaggregate meat products using household microdata. In addition, due to the nature of the data, these 14 products are modeled in a systems framework based on the QES and estimated using a two-step censored regression technique.
The empirical results suggest that disaggregate meat expenditures are affected by various demographic factors. Moreover, the set of significant factors for each equation is not the same for each of the disaggregated productseven among those with the same animal origin (e.g., ham, bacon, pork chops, other pork). For example, based on the likelihood ratio tests, regional and education factors significantly affect bacon, pork chops, and other pork expenditures. However, as a group, these factors are not statistically significant in the ham equation.
This study documents the importance of modeling meat expenditures at a disaggregate level. The expenditure patterns for disaggregate meat products enable various producer, processor, and consumer groups of the meat industry to identify key factors affecting household expenditures. Disaggregate analysis of meat products is usehl for developing specific marketing programs because consumers do not necessarily purchase meat of the same type or animal origin (Nayga and Capps 1994) .
Refinements and improvements in data collection are necessary to provide more definitive results for the meat industry. With advancement in computer technology and availability of supermarket scanner data, the analysis of meat demand at a disaggregate level is now more feasible than ever. A limitation of the present study is the lack of price data. The potential for demand analysis at the disaggregate level, using household microdata, will be enhanced if reliable and accurate price indexes are available for various disaggregate meat products. Research and market analysts should also lobby for more disaggregate information in government-sponsored surveys. Clearly, further analysis of disaggregate meat products merits attention.
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